The aim of this paper was to study the polymorphisms of bovine growth hormone gene. The authors genotyped 363 Hungarian Holstein-Friesian bull dams from 6 farms all over the country. Two variants (L and V) of the bovine growth hormone gene digested with AluI enzyme were identified in the experiment. Genotyping was carried out by PCR-RFLP method. The frequency data of L and V allele was 0.93 and 0.07 respectively. Distribution of the three genotypes were 87.05% (LL), 12.40% (LV) and 0.55% (VV). The studied population was in H-W equilibrium considering the genotype distribution. SPSS 11.0 for Windows was used to reveal the possible correlations between GH genotypes and production and reproduction traits and further statistical analyses. On the basis of statistical analyses it can be found that VV genotype cows had the longest milking period and LL had the shortest dry period. Both differences were significant. Cows with LV genotype had significantly higher test milking data than LL cows. Furthermore, LV genotype seemed to be advantageous for 305 days lactation milk yield. While milk composition traits, as 305 days milk fat and protein percent showed the opposite tendency, since LL genotyped dams produced significantly higher values in these traits.
Introduction
Prediction of the future performance of farm animals is maybe the most neuralgic point in animal breeding. Animals of superior traits and phenotype should be selected to accelerate genetic improvement. Disclosure of the genetic background with the help of the modern techniques of molecular genetics could directly establish the genetic merit of the individual. With the development of molecular cloning and DNA hybridization techniques, it has become possible to screen for genetic polymorphism at the nucleic acid level (BUITKAMP and GÖTZ, 2004) . Selection in dairy breeding is basically aimed at milk production traits. Steroid and protein hormones (such as growth hormone and PRL) are of primary importance in development and function of the mammary gland (KAZMER et al., 1983 (KAZMER et al., , 1986 . Milk production was found as a typical polygenic trait controlled by numerous genetic loci and influenced by environmental factors. Therefore candidate genes with close linkage of the encoding loci are searched to estimate lactational performance (DYBUS et al., 2004) . Growth hormone (GH) belongs to a family of somatolactogenic hormones that have included prolactin, placental lactogen and a number of haematopoetic growth factors (COSMAN et al., 1990) . We focus on one of the most significant members of this hormone family, the bovine growth hormone (bGH), which is a single-chain polypeptide with 22KDa molecular weight. The hormone consists of two disulphide bridges and 190 or 191 amino acids, containing Ala or Phe at the N terminus, due to alternative processing of bGH precursors (WOOD et al., 1989) Due to the allele dependent variability, leucine or valine may appear in position 127 (SEAVEY et al., 1971) . Bovine GH stimulate postnatal somatic growth. GH, also has diabetogenic, insulin-like and lactogenic effects in vivo. It coordinates physiological processes so that nutrients are partitioned for milk synthesis (BAUMAN and EPPARD, 1985) . Numbers of studies have dealt with the influence of long term administration of bovine GH on lactational performance. Recombinant GH increased the average fat corrected milk yield in a greater extent than GH of pituitary origin (BAUMAN and EPPARD, 1985) . Bovine GH gene is approximately 1800 (1793) base-pairs in length and contains four intervening sequences and five exons coding for a 786 long mRNA (WOYCHIK et al., 1982) . GH locus is mapped on cattle chromosome 19 in the region of bands q26-qter (HEDIGER et al., 1990) . Several polymorphisms were found in GH gene and these pheno/genotypes are inherited in allelic fashion (BECKMANN et al., 1986) . In case the bovine GH gene was digested with MspI restriction endonuclease, two alleles were identified within intron 3. (C and D) (ZHANG et al., 1993a) . Digestion of C allele with MspI generated 4 fragments, while the product of the D allele yielded 3 fragments. The MspI(-) polymorphism results from an insertion of a T 837 bp and a C-G transition 838 downstream from the Cap site (LEE et al., 1994a ) (see the Figure) . ZHANG et al., (1993b) digested a fragment of bGH gene (containing exon 5) by AluI endonuclease and the found alleles were designated as L and V. The L allele is responsible for the form of bGH with an amino acid residue of leucine at position 127, whereas the V allele is responsible for an alternative form with a valine residue at the same position (see the Figure) . The effect of these two alleles was studied thoroughly and contradictory results were born (see Table 12 .). The association of these allelic variants with milk production traits among the daughters of Canadian Holstein AI bulls was investigated in the study of SABOUR and LIN (1996) Their results suggested that the V allele was preferred for increased milk production traits, particularly protein. CHUNG et al. (1996) found that the effects of bGH locus were significant for milk protein percentage. Cows with the LL genotype had higher protein percentage than those with LV type. SABOUR et al. (1997) found association between the L/V locus and estimated transmitting abilities (ETA) of milk yield in Holstein Cattle. V allele was more frequent in the top than in the bottom group of bulls. DYBUS (2002) studied the direct lactational data and got similar conclusions. It was proven that cows with LL genotype had higher milk, fat and protein yield compared to LV individuals. Beef characteristics were also studied in bulls of different breed and GH genotype. ZWIERZCHOWSKI et al. (2001) concluded that the L/V locus affected live body weight, and daily weight gain. The VV homozygotes were the heaviest and showed the highest daily gain. Nine carcass traits were also influenced by this polymorphism and again bulls with VV genotype proved to be the best. Contrary to this, SIROTKIN et al. (2000) found that VV genotype Simmental bulls had significantly lower body mass, daily gain and plasma IGF-I level comparing to the other two genotypes. The association between the controlling hormone (growth hormone releasing hormone, GHRH) gene variants and growth features were also scutinized in beef cattle. GHRH genotypes showed significant correlation with height at sacrum and height at withers (DYBUS et al., 2003) . Beside growth hormone, the influence of milk proteins on milk production has equal importance. The association between polymorphisms in genes coded milk proteins and milk production and fertility was scrutinised by VÁGI and BARANYI, 2000. Hungarian Holstein Friesian cows were involved and the probable effects of the different genotypes of α s1 -, β-and κ-kazein and β-lactoglobulin were studied in the experiment. Κ-kazein and β-lactoglobulin genotypes affected milk production and fertility in a greater extent than the other milk protein loci. Heterozygote κ-kazein cows had significantly higher milk yield in the first lactation comparing to their homozygote herdmates. Despite of the wide spread study of bovine growth hormone polymorphisms, no published reports are available for Hungarian dairy cattle. The aim of this present study was to explore the frequency of AluI alleles in the Hungarian Holstein-Friesian dam population and to analyse the possible relationship between the investigated bGH locus and milk production traits.
Material and Methods

Animals
A representative sample of the Hungarian Holstein-Friesian bull dam population was used in this study. 363 dams from 6 herds throughout Hungary represent the whole Holstein-Friesian dam herd. Blood samples were collected from all animals by jugular venipuncture and the peripheral blood was saved in tubes containing ethylene diamine tetra-acetic acid. DNA was obtained from blood leucocytes. Blood samples were stored on -20°C until DNA extraction.
DNA Extraction
Genomic DNA was isolated from 50 µl of whole blood. Samples were washed by 500 µl solution (Tris-HCl 10mM, pH 7.5, Na 2 EDTA 1mM, pH 8) three times in Eppendorf tubes. Vorting and centrifugation for 2 min were followed by each washing procedure. The pellet was suspended in 100 µl of lyses solution (Tris 10mM, pH 7.5; KCl 50 mM, tween 20mM 0.5%; proteinase K 0.6µg/µl). After suspension, samples were incubated at 56°C for 60 min. To inactivate the proteinase in the mixture, samples were again incubated at 94°C for 10 min. The extracted DNA samples were stored at -20°C and used later as a substrate for PCR reaction.
Primers, PCR conditions and genotyping
The used primers were designed to amplify a 427 bp fragment using the published DNA sequence of the bGH gene (Genbank Accession Number J00008, Woychik et al. 1982) . The 427 bp target DNA contained the site of interest in exon 5, 55 bp of exon 4 and the entire intron 4. PCR reactions were performed in a total volume of 10 µl, containing 1 mM MgCl 2 , 200 µM each dNTP, 0.2 µM primers, 10 x PCR buffer, 0.5 unit TaqI DNA polymerase (Promega) and 100 ng genomic DNA. The PCR cycling profile consisted of pre-denaturation at 94°C for 1 min, 32 cycles of denaturation at 94°C (for 30 sec), annealing at 61°C (for 1 min), and extension at 72°C (for 1 min), followed by a final extension at 72°C for 10 min. PCR products were digested in a total volume of 13 µl, containing the whole amount of PCR products, 5 units of AluI enzyme and 10xB buffer (Promega) at 37°C fortnight. Digested fragments were then resolved in 4% high resolution agarose gels (Cambrex) stained with ethidium bromide and visualised under UV light. Gels were scored for expected fragments of 264, 96, 51 and 16 bp for the Leu 127 variant and 264, 147 and 16 bp for the Val 127 variant.
Data sets and statistical analysis
Lactation and some reproduction data were used to analyse the potential differences in performance of cows caused by the examined polymorphism. Lactation data contained days in milking, persistency, mean milk kg of test milkings, maximum milk kg of test milkings, lactation milk yield, lactation milk fat (kg and %) and lactation milk protein (kg and %) recorded between 1989 and 1998. Each lactation record comprised 305-day yields for cows lactating for 305 days or more and total lactation yields for cows with shorter lactation, not less than 60 days. Reproduction data included age at first calving, calving interval, number of calvings and dry period. This data package included 6 herds (with animal number of 66-276), 10 years and 4 seasons of calving (spring: March-May, summer: June-August, autumn: September-November and winter: December-February). Finally the database consisted of altogether 721 reproduction and lactation records of 363 genotyped bull dams. The presented data in Table 1 show the minimum, maximum and average values of lactation and reproduction traits involved in the experiment. The results represent the gross mean values of the population through years and not separated by farms or numbers of lactation.
Statistical analysis
The method of univariate and multivariate analysis of variance and estimated marginal means were used to estimate the potential correlations and the effect of the examined locus on lactation data. The SPSS (SPSS 11.0 for Windows) software was used for this analysis. The formula of general linear model (GLM) included the following effects:
where y is the phenotypic record of the studied traits, µ is the general mean, GH is the growth hormone genotype (LL, LV, VV), calving refers to the influence of the number of calvings (first, second, etc), year represents the effect of the year of birth, season indicates the impact of calving season (n=1-4) (weather, quality of feed), farm means the farm effect (n=1-6) and e is the residual error. Dominance effects were estimated as the deviation of mean values of the studied traits in heterozygotes from the mean of homozygotes, using the least square means. Additive effect was calculated as the half of the difference between the two homozygotes. The significancy of these factors was detected by the method of least square difference.
Results
Gene frequency
Three patterns (genotypes) were produced as the result of AluI restriction. 
GH LL, GH LV and GH VV are the expected frequencies of the three genotypes
On the basis of the Hardy-Weinberg formulas, the expected frequencies of L and V alleles were 0.93 and 0.07 respectively. The expected frequencies of the three genotypes were 86.96 % (LL) 12.59 % (LV) and 0.45 % (VV) respectively. The observed number of genotypes (87.05 % (LL) 12.40 % (LV) and 0.55 % (VV)) were quite close to the expected values. The calculated χ 2 value was 0.111, indicating Hardy-Weinberg equilibrium in the population (see Table 2 ). There was similar distribution values of genotypes in the different farms (Table 3 ) than in case of the final genotype distribution for the whole studied population. Low incidence of VV genotype (2 animals) will cause some statistical uncertainty, but in these cases they are omitted from analysis. These animals are not relatives, not herdmates, they have different fathers and mothers as well, and even they are kept on different farms (see Table 3 ). Table 4 includes mean and standard deviation of studied production and reproduction data seperated by the different GH genotypes. Table 5 shows the lactational data in case of different number of calvings. In case of the statistical analysis, only the first four lactations were used since just a few animals finished the subsequent lactations and therefore their results could not be evaluated in reliable way. The analysis of the first four lactations can give an entirely precise picture on milk production either regarding physiological or farm management aspects. 
The effects of the AluI polymorphism of GH gene on milk production traits
The effects of factors involved in the used mathematical model were calculated and the levels of significance were presented in Table 6 . The most frequently used multivariate analyses (U statistic) was used to estimate the effects of factors. The effect of GH locus was significant on milk production traits. However the intercept of GH locus and calvings did not influence the studied traits significantly. On the other hand, subsequent lactations (calvings), the year of birth, and farm showed highly signifinat effects if total sum of the traits were regarded. The influence of the studied factors are classified by reproduction and milk production traits and shown in Table 7 . On the basis of the presented significance levels, it can be seen that GH genotype affected 305 days milk protein percent significantly. Data of test milkings are influenced by only a slight significant level, but reproduction and other milk production performances were not affected significantly by GH locus. Number of calvings significantly influenced maximum test milk kg, mean test milk kg, persistency, 305 days milk yield, 305 days milk fat yield and 305 days milk protein yiled. It is clear that the level of milk production strongly depends on the number of finished lactations. We studied four, statistically valuable lactation with increasing milk production level (see Table 5 ).
The interaction between GH genotype and calving had significant effect on neither traits. This mean that the assumed interaction between GH locus and number of lactations does not work and do not influence the phenotypic performance of animals. Birth year of cows influenced calving interval, days in milking, dry period, persistency, 305 days milk fat and 305 days milk protein percent. This fact refers to the supposed breeding improvement in Hungarian bull dam breeding through years. The factor of calving season, through differences in feeding and climatic features, significantly affected calving interval, maximum test milk kg and 305 days milk protein percent. However, the lenght of dry period, mean test milk kg, persistency and 305 days milk fat yield was also slightly influenced by this factor. Beside the influence of the subsequent lactations, farm effect was the kind of external factor which could cause the biggest differences between performances. The different management and feeding protocoll and the various microclimates of farms could be responsible for such significant differences. Farm had highly significant effects on age at first calving, persistency, 305 days milk fat yield and percent and milk protein percent. Its effect was not so strong but significant in case of mean test milk kg and slightly significant on dry period, maximum test milk kg and lactation protein yield. Least square means for reproduction and milk production traits are presented in Table  8 -10. In case of reproductive performance, no significant relationship could be detected between age at first calving and calving interval and the three GH-AluI genotypes. Major differences of LSD could be measured in both traits in case of cows with VV genotype comparing to others, but they were not proved to be significant because of the few records and the high levels of standard error. Next Table represents the differences between GH genotypes in milk production characterized by some considerable traits. The length of milking period (in days) differed significantly among genotypes. Cows with LL and LV genotypes had significantly shorter milking period than in case of VV genotype, but there was no significant differences between the data of LL and LV cows. If the length of dry period is considered, significant difference could be detected between LL and LV cows, with longer dry period in case of LV animals. The shortest dry periods of VV cows were not significant because the high standard error. The same relationship can be observed in case of the maximum and mean of test milkings. Dams with LV genotype had significantly higher values in both traits comparing to LL animals. VV cows again differed significantly to neither genotypes. Results of persistency did not show any significance among the three genotypes. Results of the 305 days lactations were also compared between the GH AluI variants (Table 10) . LV genotype was proved to be favourable in 305 days lactation yield. This production gain was significant comparing to LL cows. VV genotype showed significant relationship with neither genotypes in neither cases due to too few records and considerably high standard error. There was no detectable significant difference in 305 days milk fat and protein yield. However, the performance of LL genotyped cows was significantly higher, compared to the similar values of LV cows, in case of 305 days milk fat and protein percent. LV genotype is rather favourable in milk composition traits. Additive and dominance effects for 305 days lactation yields are presented in Table  11 . Additive effects estimated on the basis of least square means were found significant in neither traits nor lactations. However, significant dominance was detected by the method of least square difference in case of 305 days milk yield, milk fat and milk protein percent. Though it should be pointed out that in case of 305 days milk fat and prtein percent a negative dominance was found due to the lower heterozygote means (LSM). (letter a, b: different letters indicate significant difference among genotypes, while n shows a non-significant relationship) (* shows the reliability of the estimated factors (P<0.05)) Discussion The found allele and genotype frequencies did not differ from the data of other studies. ZHANG et al. (1993) found similar frequency values (L: 0.91; V: 0.09), in a HolsteinFriesian AI bull population. Results of SABOUR and LIN (1996) in Canadian Holstein-Friesian bulls (V:0.09) also support the GH allele frequency data found in our study. On the basis of the statistical analyses, it can be concluded that highly strong relationship between GH genotype and milk production or reproduction traits could not be detected. Milk production and reproduction traits were mainly and highly significantly influenced by the farm environment, management and feeding. The effect of birth year was also decisive, since the production level obviously increased through years according to the breeding requirements. The significant influence of calving season could also be identified due to the different climatic factors and rarely the different feeding management. Finally, undoubtedly milk production was strongly affected by the number of closed lactations. However, the used mathematical models were able to distinguish and separate the part of differences among the studied GH genotypes due to external factors and genetical background. Therefore significant influences of GH genotype on milk production and reproduction could be found in particular traits. VV genotype cows had the longest period spent with milking and LL had the shortest dry period. Both differences were proved to be significant. Cows with LV GH AluI genotype had significantly higher test milking data than LL cows. Furthermore, LV genotype seemed to be advantageous for 305 days lactation milk yield. While milk composition traits, as 305 days milk fat and protein percent showed the opposite tendency, since LL genotyped dams produced significantly higher values in these traits. The findings of SHARIFLOU et al. (2000) seem to be also opposite with the present study. They found in Australian Holstein Friesian cows that animals with L/L and L/V genotypes had similar performances, each being significantly greater than cows with V/V genotype. So, it was concluded that L allele was associated with higher milk production. Table 12 summarizes the results and important findings of the former studies about AluI polimorphism of bovine GH gene. It helps to compare the sometimes contradictory consequences on the possible effect of the studied polymorphism. As a conlusion it can be stated that the studied Hungarian Holstein Friesian dam population was not uniform enough to examine the effect of the different GH AluI polymorphism on production and reproduction traits. The extremely low incidence of the homozygous VV genotype also hindered the statistical results. Despite of all, the benefical effect of LV genotype (containing V allele) in milk yield and LL genotype (missing V allele) in milk composition could be detected in a relieble way. Examination and GH genotyping of a large cow population kept under uniform circumstances shall further contribute to the use of GH gene as a marker for the improvement of milk production. Similarly to our results SABOUR and LIN (1996) studied Canadian Holstein AI bulls and found that the V allele was preferred for increased milk production traits. Similarly, SABOUR et al. (1997) found association between the L/V locus and estimated transmitting abilities (ETA) of milk yield in Holstein breed. The V allele was more frequent in the top group of bulls. These findings are supported also by EPPARD et al. (1992) who reported that the V variant of GH resulted in higher milk production when administered intramuscularly in Holstein-Friesian cows. If milk composition is concerned, the paper of DYBUS (2002) must be referred, who studied the direct lactational data and proved that cows with LL genotype had higher milk fat and protein yield compared to LV individuals. Contrary to the above mentioned studies and to us, LUCY et al. (1993) reported that L allele is closely related with higher milk production traits for US Holsteins, whereas in US Jerseys the V allele is associated with higher milk yield. In US Ayrshires there is no correlation proved with milk production.
